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Abstract 
Workplace noise is hazardous to worker safety and health. Noise can not only cause hearing impairment but also act as a causal factor 
for stress and raise the systolic blood pressure.There are many methods available and being used in industries at present to reduce acoustic 
emissions from various equipment. The process of reducing sound emissions from equipment is called acoustic quieting. The method of using 
piezoelectric material to reduce transmitted sound from equipment rather than damping structural vibration can be applied where it is difficult to 
damp structural vibrations completely. If piezoelectric materials are attached to vibrating machine parts,withthe supply of suitable voltages, they 
counter-vibrate which helps in damping structural vibration. Previous studies conducted using simulations with the help of ANSYS software 
showed noise reductions of up to20 decibels. This paper presentsan effective technique for tuning the frequencies of vibrations of the 
piezoelectric material with the source vibrations for the reduction of noise. It can help in cancelling the original vibrations which ultimately lead 
to the reduction in transmitted noise levels. Experiments reveal that a reduction of 9 decibels innoise level is possible by using a filtercontrol 
circuit. 
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1. Introduction 
 
Standards are available for setting the acceptable levels of noise emitted by machines in general 
and by specific items of equipment. Many methods are in use to control noise emission level in 
terms of its power, pressure and intensity.  To control the noise at the workplace it is important 
to manage the sources that make the largest contribution to the noise exposure.This considers the 
totality of noise level, duration and number of personnel affected [1].Piezoelectric actuators 
show great promise for controlling the vibration in distributed systems and theresulting sound 
emission. The shape and position of the actuators markedly affect the distribution of the response 
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among the different modes [2]. Due to its potential application in reducing interior cabin noise 
and reduction of structural vibration, acoustic emission control has been a growing research area.  
For cabin noise reduction active control of the structural vibration of the cabin shell is a good 
alternative method [3]. Several simulation studies were conducted to find out the sound 
reduction capabilities of piezoelectric materials. The whole structure and internal acoustic 
medium of a crane cage was modelled and piezoelectric elements were deployed in a study and 
the study results showed great possibilities of reducing sound using piezoelectric actuators [4]. 
The method for reducing noise generated by the operation of a noise-producing machine consists 
of a piezoelectric sensor sensing the machine noise to send a signalto a piezoelectric actuator 
which supresses the noise of the machine [5-6]. The effectiveness of this method was verified 
with the help of simulation studies using ANSYS software package. In these, a set of L-jointed 
plates were subjected to vibrations to which piezoelectric actuators were attached [7]. Noise 
reduction system consisting of piezoelectric material attached on aluminium plate to reduce 
transmitted noise has shown significant results. This method improves the noise reduction 
capabilities of the panel by applying planar tension to each piezoelectric sheet attached to 
aluminium sheet [8]. During recent years, the study of micro electromechanical systems 
(MEMS) has shown significant opportunities for micro sensors and micro actuators based on 
various physical mechanisms such as piezoelectric. Piezoelectric MEMS has led to the 
development of micro sensors [9]. Vibrationsin reciprocating compressor and piping systems are 
caused by unbalanced forces and moments in the reciprocating and rotating components of the 
system. These vibrations can be controlled by using proper actuators which can damp these at 
the source itself [10]. 
 
The forces and moments generated by activation of a piezoelectric layer which has been bonded 
to a thin cylindrical shell can be determined with the help of relevant software packages. 
Assessment of such forces and moments generated can help in their practical application for 
vibration control [11]. Simulation and experimental study on vibration and sound radiation 
control with piezoelectric actuators make it possible to assess the noise reduction capability of 
piezoelectric material [12]. Mohammad Gudarzi, Atta Oveisi [13] conducted their study on 
medical imaging instrument using FEM technique so as to damp vibrations of the 
equipment.Several studies were conducted to technically prove the fact that piezoelectric 
materials could be used for noise reduction. Most of these studies were exclusively software 
based such as ANSYS, COMSOL Multiphysics.Simulation studies of authors [14]have indicated 
noise reductions up to 20 decibels from a compressor by theuse of piezo-electric actuators. 
Hence the present work aims to assess this technique using an experimental setup in which the 
noise level reduction can be evaluated. The theory of the dynamic vibration absorber and the 
principle of operation of NIP are explained in the following sections. 
 
1.1.Dynamic Vibration Absorber 
Consider a sinusoidal force acting on an un-damped main mass spring system. When forcing 
frequency equals the natural frequency of main mass the response is infinite. This is called 
resonance and it results in massive amplitudes of vibrations. When an absorbing mass system is 
attached to the main mass it is reduced to zero at its resonance frequency, which is due to the 
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tuned dynamic absorber absorbing the energy of the main mass. It is interesting to note that 
motion of the absorber is finite at this resonance frequency eventhough there is no damping in 
either oscillator. A finite amount of damping of both the masses will prevent the motion of either 
mass from becoming infinite atany of the new resonance frequencies. However, if damping is 
present in either mass spring element, the response of main mass will no longer be zero at the 
target frequency. 
 
1.2. Principle of Operation of Noise Insulation Panel (NIP) 
 
This system consists of a noise reduction unit—a small flat panel to which a piezoelectric 
element is bonded—and an equivalent inductance circuit designed around operational 
amplifiersas a control circuit. A resonance circuit is formed with piezoelectric elements 
(capacitance) and the control circuit (inductance) to reduce noise through the noise insulation 
panels (NIPs). The principle of control is as follows: with the input of the incident noise to the 
control unit, the NIPs are excited at a frequency range centredon the resonance frequency, and 
the piezoelectric materials generate a voltage.  When the generated voltage is supplied to the 
control circuit, an anti-phase to the generated voltage returns to the piezoelectric materials 
resulting in a force in NIP opposing the original noise force. The original vibration and the anti-
phase force cancel each other out, and thus suppress the NIPvibration. Therefore, noise 
transmitted through that panel also reduces.When the noise reduction unit is installed on any 
target panel the layer of air between the noise reduction unit and target plate acts to reduce noise 
transmitted by the panel as the noise energy of the air layer is reduced, irrespective of vibration 
frequencies of target panel. It was possible to reduce sound levels upto 20 decibels in studies 
conducted earlier with simulations [12-14].But this reduction was possible only due to damping 
the structural vibration. It is not much help in modern machines where structural vibrations are 
very small. So this provides scope for developing a new method so as to reduce transmitted noise 
from machines, using the Noise Insulation Panel.The main objective of the present study is to 
present an effective technique of tuning the frequencies of vibrations of the piezoelectric material 
with the source vibrations for the reduction of noise levels.The effect of using a single 
panelNIPis demonstrated in the present work, which can be refined for higher levels of vibration 
control. 
 
2. Experimental Setup  
 
The experimental setup consists of function generator which is connected to a speaker.The 
speaker is kept inside the test box.The function generator helps in varying the frequency of 
sound waves falling on to the NIP. NIP consists of a copper sheet held in position in a frame 
made of aluminium channel. The size of the sheet is 140 X 140 X 0.2 mm3. The copper sheet is 
stretched out and rubber bushings are inserted into the sleeve so as to hold the sheet in 
position.The natural frequency of the plate (NIP) can be varied by adjusting its tightening force. 
A special tuning arrangement is made with nut and screw to change the amount of pull down 
force acting on copper sheet and thusits natural frequency. Hexagonal nut is used so that angle 
can be tightened or loosened as required with respect to 00, 600, 1200, 1800, 2400, 3000, 3600. The 
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natural frequency of copper sheet can be determined at different tuning angles. Present study 
focuses on noise reduction of low frequency vibrations and hence the low frequency of 150-250 
hertz is selected. 
The output is collected with the help of a microphone which is again connected to a digital 
oscilloscope.Digital oscilloscope shows output in voltages with the help of which proper 
conclusions can be made on the efficiency of panel in noise reduction. Complete experimental 
setup is shown in Fig.1. 
 
 
 
 
Fig.1.Experimental setup 
3. Results and discussions 
 
3.1. Resonance frequency of the plate 
 
When exposed to its resonant frequency any object will vibrate in sympathy with the sound. In 
orderto find the resonant frequencyof any object,it is kept next to a speaker and a microphone 
attached with an oscilloscope. Let the speaker give out a tone at a given volume, and then 
without changing the volume change the pitchslowly. The oscilloscope will indicate greater 
amplitudes of the sound at certain frequencies compared to the surroundingfrequencies 
indicating these are the resonant frequencies, and are detectable as the sound energy absorbed by 
the object is re-emitted more efficiently at these pitches.  
 
At first the voltage generated for maximum tightness, that is, with maximum pull down forceis 
measured. Voltages generated at different frequencies are observed and the resonance frequency 
of the plate is noted as thatat which the voltage generated is maximum for the particular pull 
down force. The variation of resonance frequency with tightening angle (representing the 
tightening force) is shown in Fig.2. 
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Fig. 2. Variation of resonance frequency with tightening angle 
As a preliminary step, piezoelectric crystals are placed at random locations on the plate and the 
output voltages are measured and it is observed that maximum voltage is generated for the 
crystal placed at the centre. Therefore, it is decided to conduct experiments by keeping the 
crystals in and around the centre. Five crystals are placed in and around the centre region of the 
panel and vibration characteristics of the panel are studied by taking voltage readings from them 
as shown in Fig.3. 
. 
 
 
Fig.3. Vibration characteristics of the panel measured with respect to voltage readings from the crystal 
 
The effect of noise control needs to be checked with different control techniques. Here two 
different cases are considered and the more effective one is found out from experimental results. 
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3.2. Case1-Output from first crystal given as anti-phase to adjacent crystal 
 
 
Fig. 4. Control Circuit for Case 1 
 
In this methodsound from the speaker is made to fall on the panel and corresponding vibrations 
of the panel will generate voltage from the piezoelectric crystal. This voltage is given to a phase 
shift amplifier (with a phase shift of 1800) and it is given as a feedback to adjacent crystal placed 
on the panel. Fig.4 shows schematic representation of this arrangement.Sound output from the 
panel is again measured with the help of a microphone. Fig.5 represents comparison of output 
signals before and after applying the antiphase shift voltage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Voltage Readings before and after applying anti-phase voltage. 
 
From the Fig.5 we can conclude that a reduction of noise level by 4 decibels occurs with this 
technique; the reason for the lowreduction of sound level may be that the antiphase vibrations are 
not in tune with the natural frequency of the panel. Hence further experiments are conducted 
with setting a particular natural frequency of the panel which is done by tuning the panel by 
tightening the screwsas mentioned earlierin the section 3.1 and incorporating a filter circuit to 
match this frequency. 
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3.3. Case 2- Feedback given to adjacent crystal using a filter circuit 
 
 
Fig. 6. Control circuit for case 2 
 
In this method a filter circuit is used so as to obtain better results. In the initial stages, at the time 
of tuning, the natural frequencies of the panel obtained range from 165 Hz to 180 Hz. So at first 
the panel is tuned to a natural frequency of 190Hz by tightening the screws of the panel. Then a 
filter circuit to match this frequencyis incorporated with a capacitance value of 70mH and 
inductance value of 10µF.This forms a resonance circuit. Since the source signals used are sound 
vibrations, different types of distortions can interfere and if it is applied directly to amplifier 
harmonics distortions will be amplified together with original signal. To eliminate this, output 
from the first crystal is filtered with the resonance circuit.Fig.6 shows the schematic 
representation of this arrangement. Noise output from the panel is measured with the help of a 
microphone. Fig.7 represents comparison of output signals before and after applying the 
antiphase shift voltage with the introduction of the filter in the circuit. 
 
 
Fig. 7. Vibration characteristics of the panel after introducing filter circuit 
 
From the Fig.7 we can observe that a reduction of noise level by 9 decibels is obtained with this 
technique which is much higher than the reduction in case1. The basic principle behind working 
of this noise insulation panel is that of the dynamic vibration absorber. With the help of filter 
circuit, it is possible to damp vibrations of frequency centred on circuit’s resonance frequency as 
explained in section 1.1. Results obtained in this study are in good agreement with the earlier 
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simulation studies [12-14]. 
 
Conclusion  
The possibility of using piezoelectric crystals for developing a noise insulation panel is 
investigated. A wooden box is made as an initial setup for conducting experiments. A panel 
made of copper plate with proper tuning arrangement is constructed. Experiments are conducted 
by pasting piezoelectric crystals to the panel with adhesives. The following conclusions are 
drawn from this study. 
x Resonance frequency of NIP can be varied by adjusting the tightening force on the plate 
by tightening the holding screws. 
x Resonance frequency increases with increase in tightening force. 
x Maximum voltage was generated for the crystal placed at the centre of the panel; this 
indicates the best position of piezoelectric crystals on NIP. 
x A reduction of noise level by 4 decibels is possible by applying the antiphase voltage in 
the control circuit. 
x A reduction of noise level by 9 decibels is possible by applying the antiphase voltage 
with filter in tune with the natural frequency of the NIP in the control circuit. 
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